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INTRODUCTION
Nearly 40 years aga Hürlimann (1951) reported a frequent retreat of reed belts around many Swiss lakes. But in the following two decades the phenomenon of 'reed die-back' escaped notice. However, in the 1970s changes in littoral vegetation became obvious, and, encouraged by the early works of Sukopp, Klötzli, Schräder and others (Sukopp and Kunick, 1969b; Klätzli, 1969; Schräder, 1976) , many scientists and naturalists tried to find reed decline phenornena in their own working areas. In some lakes, reed retreat was so serious that the yields of professional fishing were at risk. Shoreside sediment instability increased, the disturbance ofthe deposition-erosion equilibria provoked mud banks and consequently led to hygiene problems. The populations of several bird species decreased in size. Water supply authorities worried about the contribution of reed belts to the self-purification capacity of the lakes. Interpolations which were designed to initiate countermeasures have been presented to state parliaments and to the Federal Parliament ofthe F.R.G.
Accompanied by a changed awareness of how to preserve natural resources, authorities spent millions of DM to protect the remaining reed stands. However, the success was smalI. On the contrary, the retreat ofthe reed belts proceeded on a European scale.
To date, reed dec1ine phenomena have been detected in about 35 lakes and more than 110 publications and reports have dealt with this subject (Table 1) . Thus, it is useful to give a critical overview of the present state of research.
SIGNIFICANCE OF LAKE·SHORE REEDBELTS
The beneficial impact of reeds (Phragmites australis (Cav.) Trin. ex Steud. ) on the diversity and stability of lake-shore ecosystems has been pointed out by many investigations: the high productivity of reeds (c. 1-2 kg dry matter m-2 yeac 1 ) is the food basis for many primary consumers, parasites and secondary decomposers grazing on cellolytic bacteria and fungal mycelia. The food web is completed by fish, birds and mammals. For other species, the reeds form the structural frame for nesting and spawning. Many species living here are endangered by draining and amelioration of wetlands.
Many authors pointed out the high nutrient retention capacity of reeds (for an overview see Ostendorp, 1989) . This led to the assumption that reed communities contribute considerably to the 'self purification potential' of polluted lakes or rivers. However, their actual contribution is difficult to quantify.
Valuable information on the utility ofreed vegetation comes from waterway engineering and its utilization of natural structures: reed fringes are the best protection against sediment movement and bank erosion. Consequently, Phragmites plantations have been widely used to stabilize the shorelines of lakes, rivers, channels and reservoirs (Bittmann, 1953; Bauch and Linke, 1970; Schlüter, 1971) . Their successful use in hydraulic architecture confirms their significance under natural conditions. Healthy reedbelts are a main factor in many landscapes which are dominated by traditional agricultural use. The attraction of such scenery for urban holiday makers is based on the presence of lakes and water-sport facilities, as weIl as on the natural shore communities. Hence, the function of reedbelts obtains an economic scope: the livelihoods of professional fishermen partially depend on littoral fish species, wild-life reserves attract visitors, the nutrient load of surface runoff from intensively used agricultural areas is diminished by wetland and lakeshore vegetation, bank erosion and, as a consequence, the silting of small harbours, reservoirs, etc., is prevented and waterwork buildings are protected against the wave action of storms and ships. The list ofbeneficial effects can be continued. The economic value of lakeside reeds can be expressed by the amount of money which must be invested to restore 1 m of reed fringe. At Lake Constance, the waterway authorities spend c. 1000-1500 DM per running metre to create a new reedbed.
The significance of reeds cannot be better demonstrated than by the dieback phenomenon: in many cases the retreat is accompanied by detrimental effects, such as lack of bank protection, disappearance of bird species and a reduction of fish population. Amann-Moser (1975) ; 3, Barby (1967) ; 4, Barthelmes (1959) ; 5, Begemann et al. (1982); 6, Binz (1980); 7, Bird (1961); 8, Blab (1984) ; 9, Blume et al. (1976); 10, Bonham (1983) ; 11, Boorman and Fuller (1981); 12, Brockmann-Jerosch (1934); 13, Bruschin (1975a); 14, Bruschin (1975b); 15, Bruschin (1975c) 16, Bruschin and Klötzli (1977); 17, Burgermeister (1978) ; 18, Burgermeister and Lachavanne (1980); 19, Burnand (1980); 20, Buttler et al. (1985) ; 21, Calder and Ducker (1979); 22, Dahms (1974); 23, Dienst (1986); 24, Dienst (1987); 25, Dinka (1986); 26, Fehlmann (1915); 27, Gamma (1935); 28, George (1977) ; 29, Grosch (1978); 30, Grosch (1980a); 31, Grosch (1980b); 32, Grünberger (1978); 33, Grünig (1975); 34, Hiller (1978); 35, Hirscher (1987); 36, Hürlimann (1951) ; 37, Hudec and Stastny (1978); 38, Ingold et al. (1985) ; 39, Jeschke (1976); 40, Jüttner and Schröder (1982) ; 41, Keel (1985) ; 42, Klötzli (1969) ; 43, Klötzli (1973) ; 44, Klötzli and Grünig (1976) ; 45, Koeppel and Maurer (1981) ; 46, Krause (1948) ; 47, Krauss (1979) ; 48, Krauss (1982) ; 49, Krauss (1984) ; 50, Krauss and Latsch-Oelker (1986) ; 51, Krauss and Lenk (1986) ; 52, Krumscheid (1987) ; 53, Lachavanne (1979) ; 54, ; 55, Lachavanne et al. (1975); 56, Lachavanne et al. (1976) ; 57, 58, Landesbeauftragter (1983) ; 59, Markstein (1981) ; 60, Markstein and Sukopp (1980) ; 61, Melzer et al. (1986); 62, Moret (1978) ; 63, Moret (1979) ; 64, Moret (1980) ; 65, Moret (1981); 66, Moret (1982) ; 67, Moss (1979); 68, Ohle (1940); 69, O'Riordan (1979) ; 70, Ostendorp (1989) ; 71, Pries (1984); 72, Pries (1985) ; 73, Raghi-Atri and Bornkamm (1979) ; 74, Reber (1979); 75, Richter (1983); 76, Roulier (1983); 77, Ruthenberg (1977); 78, Schanz (1980) ; 79, Schiess (1979) ; 80, Schmid (1980); 81, Schröder (1973); 82, Schröder (1976); 83, Schröder (1979); 84, Schröder (1987); 85, Schröter (1932); 86, SchwiIch (1963); 87, Siebold (1983); 88, Siessegger (1980); 89, Siessegger (1985) ; 90, Stark and Pier (1987); 91, Steinberg (1977); 92, Stüssi (1978) ; 93, Succow and Reinhold (1978) ; 94, Sukopp (1963); 95, Sukopp (1971); 96, Sukopp (1973) ; 97, Sukopp and Kunick (1969a) ; 98, Sukopp and Kunick (1969b) ; 99, Sukopp and Markstein (1981) ; 100, Sukopp et al. (1975) ; 101, Thomas (1972) ; 102, Utermöhl (1982); 103, Westphal (1980); 104, Wildi (1976); 105, Wium-Andersen (1974); 106, Gamma (1951) ; 107, Ripl et al. (1987) ; 108, Moss (1983) ; 109, Boar and Crook (1985) ; 110, Arbeits gruppe Reussmündung (1984) ; 111, Köpsell (1987) ; 112, Iseli and Imhof (1987) ; 113, Lachavanne and Klötzli (1984); 114, Szajnowski (1983); 115, Schanz (1980) ; 116, Krolikowska (1979) ; 117, Dienst and Stark (1988); 118, Landesbeauftragter (1988) .
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Lack 01 bank protection. Sandy banks ofthe Havel Lakes (Berlin) have become heavily eroded by ship-induced waves; trees and bushes are washed out from underneath and uprooted. The same phenomena are visible at the Gippsland Lakes (Australia), Lake Constance and some Swiss lakes. In some instances, the remains of Neolithic and Bronze-Age lake-dwellings, which were formerly covered by sediments for 3000-6000 years, have been destroyed (Keel, 1985; Schlichtherle and Bürgi, 1986) . But the relationship between reed die-back and erosion is mutual: bank erosion may be a cause (see Table 2 ) as weIl as a consequence (e.g. Lake Constance-Untersee: Ostendorp, 1989 ).
TABLE2
Causes for reed decline phenomena (excerpt from The disappearance o{ bird species. The loss of reed-covered areas is foHowed by a decrease in the number of birds or bird species. A breakdown of Great Reed Warbler populations (Acrocephalus arundinaceus (L.) ) occurred at the Havel Lakes (Westphal, 1980) , the Bruchsee near Templin (G.D.R.) (Pries, 1984) , the Lieps near Neubrandenburg (G.D.R.) (Ruthenberg, 1977) and at Lake Constance (Orn. AG Bodensee, 1983) . The retreat of lakeside reeds is thought to be a main factor (Leisler, 1989) . Other species, such as the Little Bittern (Ixobrychus minutus (L.)) and the Crested Grebe (Podiceps cristatus (L.) ) are affected to a lesser extent (Sukopp and Kunick, 1969b; Begemann et a1., 1982; Orn. AG Bodensee, 1983) .
Reduction in the size o{{ish populations. The changes in fish populations in the Havel Lakes are clearly related to the regression of reed belts and submerged vegetation. Formerly, species like pike (Esox lucius L.), tench (Tinca tinca (L.)), carp (Cyprinus carpio (L.)) and rudd (Scardinius erythrophthalmus (L.) ) were very abundant but became reduced to only 3% of the standing fish stock (Grosch, 1978 (Grosch, , 1980a . However, alterations in fauna caused by vegetational changes in the littoral zone have not been thoroughly examined in other lakes.
Other parts ofthe littoral community are affected as weH, such as the partial extinction ofthe submerged vegetation (Norfolk Broads (Gt. Britain), Havel Lakes, Dümmer (F.R.G.) etc.) or the die-back of riparian forests (Havel Lakes). Other aspects, such as benthic zoocoenoses, the food web, water chemistry, microbial activity and the 'self-purification potential ' have not yet been investigated.
DOCUMENTATION OF REED RETREAT

Methods
Reed retreat phenomena have been documented by: (1) comparing a temporal sequence of maps or aerial photographs; (2) monitoring the development of permanent squares within or at the border of the reed belt; (3) mapping the 'residues' ofthe die-back process, e.g. the stubble fields.
In some cases the critical evaluation of historical sources and oral information from naturalists, farmers and fishermen may also be informative.
In most cases aerial photographs have been used to describe changes in the extension ofthe reed belt (Dahms, 1974; Amann-Moser, 1975; Grünig, 1975; Grünberger, 1978; Reber, 1979; Boorman and FuHer, 1981; Koeppel and Maurer, 1981; Moret, 1982; Keel, 1985; Schmid, 1986; Iseli and Imhof, 1987; Krumscheid, 1987; Stark and Pier, 1987; Ostendorp, 1988, Localities 1, 2, 14, 16, 17, 21-24,26-31, see Table 1 ). This method is weH suited to: (1) quantify changes in total reed-covered area, even ifthe landside border ofthe reedbelt is not weH defined; (2) identify and distinguish lakeside regression and the formation of 'aisles', gaps, etc. in the inner parts; (3) identify some ofthe causes, e.g.landing places for boats, bathing places, footpaths, washes, reed-cutting areas, etc.
Field observations, combined with infra-red aerial photographs, allow us to distinguish between Phragmites, Typha, Schoenoplectus and Carex stands. The precision of aerial photographs is low if short-term changes are considered: taking into account that a reed stalk may be bowed down in one case and straight up in another, a 0.5-1 m difference between two reed-front borderlines is not significant.
The permanent-square technique is better adapted for investigating shortterm changes. Unfortunately, this method has rarely been used (Moret, 1978; Hirscher, 1987; Krumscheid, 1987; Stark and Pier, 1987; Dienst and Stark, 1988) . With this technique it is possible to: (1) ascertain reedregression or reed-progression phenomena from one year to the next, simply by counting the stalks within the square; (2) discover changes in the stand structure (thinning, invasion of other plant species, decrease in cuIm height, etc.); (3) make detailed observations on the nature and severity of reed damage and its presumable causes (algal wash, erosion, mechanical damage, parasite attack, grazing, etc. ).
To find a correlation between the changes in stalk number and the severity of a certain damaging factor, might be the first step in limiting the variety of possible causes. As an example, Hirscher (1987) found a significant positive correlation between the 'degree of severity' of mechanical damage by waves and drifting matter and the decrease of stalk density at Lake ConstanceObersee.
If aerial photographs are not available and permanent-square monitoring is too time consuming the mapping of 'stubble fields' might be helpful: at Lake Constance-Untersee the bases of dead reed stalks persist for more than 20 years (Ostendorp, 1989) . If the remains are submerged, even at periods of low lake level, diving can become necessary (Melzer et al., 1986) .
Results
In most cases, aerial photographs are the best documentation of reed-belt changes, but most ofthem are not older than 20 or 30 years. On the other hand, early changes may date back to before the Second World War (localities, 2, 17, 22,24,29,30) or even before the beginning ofthe century (localities 1, 21). Hence aerial photographs are often of too recent age to record the 'pre-decline' status of the reeds. From lakes without a sign of reed decrease (e.g. Björk, 1967) we can conclude that a healthy reed belt is a homogeneous, dense or sparse stand with no gaps in its inner parts, with an evenly formed lakeside borderline without aisles, shaping a uniform fringe or large lobes, stalk length decreasing gradually at the lakeside border, but all stalks of one stand of similar height; at the landside edge the reeds are replaced by sedge or woodland communities or by unfertilized grasslands.
With these properties of healthy reed stands in mind, it is often easy to discover reed decline phenomena.
Aerial photographs and maps show that reed belts are affected at their lakeside edge as weIl as in the inner parts and their landside margins. At the landside edge, reeds are repressed by many human uses, such as land reclamation, wetland draining, the construction ofweekend houses, bathing beaches, landing sites for boats, etc. Consequently the reeds are destroyed. Gap formation may occur in the inner sections. The gaps can be recolonized by the Phragmitetum or can be replaced by other communities (Lake Constance: Typhetum angustifoliae, Scirpetum lacustris, Phalaridetum arundinaceae, nitrophilic communities, Klötzli and Züst, 1973; Ostendorp, 1989) . In other cases, gaps may persist for more than 20 years. This led to the conclusion that at least some of them could be of natural origin (e.g. in the Neusiedler See, Burian, 1971; Zwicker and GrüIl, 1985) . As a consequence of the lakeside die-back the formerly evenly shaped fringes look frayed or torn apart. Reed-tufts, single culms or nothing but stubble fields are the remains, often accompanied by erosion ofthe banks. The 'post-decline' edge has been amid-stand before; hence the stalks are uniformly tall up to the very borderline.
No reports have appeared yet on the alterations that take place in the properties of the stand structure (e.g. stalk density, average length and diameter of stalks, distribution of stern types) at the beginning of a die-back process. However, marked changes are reported in the course of the reed die-back at the Havel Lakes (Sukopp et al., 1975; Sukopp and Markstein, 1981) and at Lake Constance (Ostendorp, 1989) .
IN QUEST OF CAUSAL FACTORS
Many factors have been regarded as being detrimental to reed growth, but it has been difficult to demonstrate whether they actually harm Phragmites or not. The literature frequently presents lists of possible causal factors (e.g. Pries, 1985) , but only little information is given on the share each factor has in the total deficiency (Sukopp et al., 1975; Sukopp and Markstein, 1981; Ostendorp, 1989) . Few assumptions have been made on the mechanisms which finally lead to the die-back of single shoots or rhizomes (Klötzli and Grünig, 1976; Schröder, 1976 Schröder, ,1979 Schröder, ,1987 George, 1977; Grünig, 1980; Moss, 1983; Ostendorp, 1989) .
The factors listed in Table 2 may be summarized in five groups.
(1) Direct destruction by land reclamation, recreational activities, summer mowing, etc. Causes and consequences are obvious and do not need research. However, they call for a change of consciousness in the land owners, authorities and politicians.
(2) Mechanical damage by waves and floating matter. Wind-generated waves are a constituent factor ofthe natural environment ofthe reed. What has made waves threatening to Phragmites, is that: (a) wave action on shore is increased by underwater gravel pits (i.e. wave energy loss by friction on the littoral bottom is lowered; (b) wave action is increased by bank erosion in front of the lakeside reed edge (i.e. breakers are now close to the reed front); (c) wave action is intensified by floating matter such as drifting wood (which formerly was picked out ofthe mountain streams; Kiefer, 1972; Grünig, 1980 ; Table 2 ), drifting rubbish (put in by careless activities or by polluted streams), or filamentous algae (massive growth in the littoral zone caused by lake eutrophication ). Other mechanical factors such as drifting ice, electric fishing, recovery of ammunition, etc., are not considered here. (3) Grazing by coypu (Myocastor coypus (Molina) ), muskrat (Ondatra zibethicus L.), mute swan (Cygnus olor (J.F. Gmelin) ), and grass carp (Ctenopharyngodon idella Valenciennes) may seriously threaten reed stands. These animals do not belong to the original fauna of western Europe, they were introduced at the beginning of the century (muskrat, mute swan), in the 1930s (coypu) and in the 1960s (grass carp). Hence, reed damage by these species is clearly a consequence of alteration of the fauna by man. The detrimental influence of coots (Fulica atra L.) (and other waterfowl) is connected with high population densities and also with discontinuous reed stands which allow an extensive penetration of swimming waterfowl. Grey lag geese (Anser anser (L.)) are the only autochthonous grazers that harm healthy reeds seriously. Increased damage may be forced by restricted natural grazing habitats (draining and alteration of wetlands); thus, the remaining swamps will suffer the detrimental effects caused by overcrowded goose populations. It should be mentioned that no report demonstrates a causal relationship between attacks by parasitic fungi or insects and the decline of lakeside reed belts. However, it is true that in drier habitats Archanara (Lepidoptera, Noctuidae) or Rhizedra (Lepidoptera, Noctuidae) can cause noticeable decreases in stalk numbers (Van der Toorn and Mook, 1982) .
(4) Eutrophication and sewage disposal. Klötzli was the first to postulate "that -indirectly -the pollution of our lakes is mainly responsible" for reed decline (Klötzli 1971, p. 109 ). He considered a high level of available nutrients in the soil and in the swamp water to have a negative influence on the sclerenchyma of the stalk wall, the reed thereby no longer being able to withstand the forces of waves and washes. Schröder (1976 Schröder ( , 1979 presented a model that showed the reed decline at Lake Constance as being a consequence ofincreased stalk density, reduced mechanical stalk stability and enlarged flotsam of filamentous algae -all these factors having been intensified by eutrophication. As a consequence, the water exchange between the reedbelt and the pelagic water would be reduced, and finally the reeds would die back owing to anaerobic conditions in the sediment-water interface and the formation of toxic, reduced substances like methane, hydrogen sulfide and ammonia.
However, these theories do not fit the reality; they contrast with many field observations and with experimental data. A detailed critique of the 'eutrophication concept' has been published by Ostendorp (1989) . 'Normal' eutrophication processes in lakes should be distinguished from heavy pollution by sewage disposal, fish farming or duck manure. It may be possible that the remains of animal feed, faeces or the animals themselves could impair the growth conditions for Phragmites. However, detailed data are lacking. Eutrophication leads to an increased growth of submerged macrophytes and filamentous algae, which may be washed against the reeds. Hence, the enhanced mechanical damage is related to eutrophication in some way. There is also some experimental evidence for the chemical effects of algal material: Schröder (1987) and Ostendorp (1989) demonstrated that toxic substances may originate from decaying algal mats, but they failed to prove adetrimental effect on Phragmites in the natural environment (see also Jüttner and Schröder, 1982) . Therefore, the poisoning of reeds by algae is still an unproven concept and should be treated with scepticism.
(5) Alterations of the water budget and the lake level. The great majority of European lakes have been regulated at last since the beginning of the century. This ineludes drops and rises of the mean lake level as weIl as more subtle alteration of the range between which annual high and low water levels fluctuate. Circum-alpine lakes often undergo high water levels in the early growing period of Phragmites. Especially in lakes used as reservoirs, water-Ievel oscillations may vary in a quite unnatural way. The influences on lakeside reed stands are complex: (1) Extremely high water levels in the early growing season (May-July) may lead to an inundation and thereby to the death of a large portion ofthe stalks (Schwilch, 1963; Rodewald-Rudescu, 1974, pp. 113-114; Jeschke, 1976; Ostendorp, 1989) . (2) A drop ofthe mean water level can cause severe bank erosion owing to enhanced breaker action on the shoreline. Thus, a greater amount of energy in the waves and breakers can reach the reed front (Binz, 1980; Ostendorp, 1989) . The damage may be intensified by floating matter. (3) If the former outermost reed front was in equilibrium with the ambient chemical and physical conditions, a rise of the water level may disturb this balance. In order to stay in this equilibrium of factors a new reed front establishes itself at a higher level and eloser to the shore. However, the factors which make the reed stalks and/or rhizomes die are unknown; but there are some indications that an altered oxygen supply can affect the health of the rhizomes (Yamasaki, 1984) .
There are some other factors which have been regarded as being responsible for the reed deeline (Table 2) . However, the displacement of Phragmites by bushes or by other helophytes like Typha or Glyceria (Locations 4, 14, 22) should not be considered as a causal factor but rather as a result of the changed conditions in which the interspecific competition takes place. Enhanced nutrient supply, increasing sedimentation rates, changes of the water regime, or alterations in the way wetlands are managed may give other species a competitive advantage.
INDIVIDUAL CAUSES VS. GENERAL CAUSES
Manyauthors (e.g. Klötzli and Grünig, 1976; Schröder, 1979 Schröder, , 1987 Grünig, 1980; Pries, 1985) claim that there are general causes for reed decline phenomena in Middle Europe, Le. distinct factors which act in most lakes in a similar way and lead to comparable results. However, one must notice that there are many 'individual' causes that are specific for one or a few lakes or for definite circumstances (Table 2) : electric fishing, recovery of ammunition, drifting ice, grazing by horses and cattle, duck manure, fish farming, flood disaster and salt loading.
On the other hand some of the factors given in Table 2 are widely spread over European lake shores: (1) lake shores are often subjected to intensive use for recreational purposes which imply that more or less extensive damage to littoral vegetation will occur; (2) they are commonly affected by waste-water inlets and by the runoff from farmland, as weIl as by eutrophication effects in the pelagic water, e.g. mass developments of filamentous algae; (3) the water level of many lakes has been altered in the last two centuries; however, the consequences (bank erosion, etc., see above) are not weIl examined.
Hence, one may describe the reed decline as a function of: (1) the proximity to large cities; (2) the intensity of use of the littoral zone; (3) the application of fertilizers in the surrounding farmlands.
CALL FOR FURTHER INVESTIGATIONS
If it is true that there are 'general causes' for reed die-back phenomena, large areas of reed would be endangered, even in lakes where up to now no reed regression has been observed. In this case the efforts to protect reed belts and to re-naturalize devastated shore seetions should not be restricted to a simple repair ofvery local damages. Protection measures must take into consideration littoral changes as a whole, eutrophication problems as weIl as wave action, ; erosion of the banks, agricultural use in the hinterland, changes of the water level and of the submerged vegetation, pressure of land use and recreational requirements, etc. Further, one has to realize that the lake and its littoral zone form a historie subject which has often undergone human impact since prehistoric times. Further research is needed: (1) to understand the complexity of detrimental factors for reed growth; (2) for planning and performing successful countermeasures. Some of the more important fields of investigation are discussed below.
Improved documentation o{ reed belt changes
Aerial photographs provide much valuable information about vegetational changes in the littoral zone. Hence, their development should be monitored every 5 or 10 years. At the same time, field observations and experiments should be performed, e.g. stand structure measurements at die-back sites and progression sites or at sites with different damaging factors (Dienst, , 1987 Ostendorp, 1989; Stark and Dienst, 1989) . Aerial photographs can give some indications of the causal factors such as breakdown of stalks by wave action or by wash, nature of the wash (timber, rubbish, filamentous algae, etc. ), erosion, deposition of mudbanks, footpaths, summer cutting, etc. Correlations between the increase or decrease of reeds and aseries of factors like exposure to winds, inclination of sublittoral floor, proximity to settlements, boat landing sites or waste-water inlets, distance to navigation routes, etc. can be easily evaluated with the aid of aerial photographs.
Effects o{ lahe eutrophication and sewage disposal
Reed decline phenomena are not restricted to polluted lakes but also occur in mesotrophic lakes like Parsteiner See (G.D.R.), Lake Constance-Obersee and Lake Lucerne (Switzerland). On the other hand Phragmites can exist without any sign of harm in hypertrophic lakes and waste-water treatment plants with pelagic nutrient concentrations up tü 6.0 mg P 1-1 and 10 mg N anorg 1-1 (Tscharntke, 1983) . Up to Klötzli (1971) nutrient enrichment was regarded as beneficial for reed spreading (Hürlimann, 1951; Bittmann, 1953; Neuhäusl, 1965, pp. 33-36,39; Sukopp and Kunick, 1969a, p. 290) . Hence, the role of lake pollution in die-back is an unsolved problem, though there have been many efforts to elucidate the relationship: (1) the stand structure, culm morphology and stern-wall anatomy (Sukopp et a1., 1975; Raghi-Atri and Bornkamm, 1979; Bornkamm and Raghi-Atri, 1986) . (2) the mechanical properties (bending stiffness, breaking strength, etc.) of the stalk (Raghi-Atri and Bornkamm, 1980) . (3) the physiology and chemical composition ofthe reed (Overdieck and RaghiAtri, 1976; Raghi-Atri and Bornkamm, 1979; Bornkamm and Raghi-Atri, 1986; Dinka, 1986) . (4) sediment and water properties (Schröder, 1973 (Schröder, , 1979 (Schröder, , 1987 Dahms, 1974; • Raghi-Atri and Bornkamm, 1979; Reber, 1979; Boorman andFuller, 1981; Boar and Crook, 1985; Dinka, 1986; Ripl et a1., 1987) .
(5) the formation oftoxic substances (Jüttner and Schröder, 1982; Schröder, 1987; Ostendorp, 1989) . But no clear-cut results could be presented. This might be due to shortcomings ofthe experimental design and the fact that in many cases no other factors have been investigated at the same date, locality and circumstances. For a detailed critique see Ostendorp (1989) .
Consideration of landscape history
It is usually supposed that all the factors which led to arecent reed declineã re of recent origin and that they can be detected by studying the ambient conditions. However, this is not the case, at least in some lakes, because the response of reeds to changed conditions or to a damaging event can be retarded:P hragmites rhizomes can act as a 'buffer' against unfavourable as weIl as against good conditions: (1) the progression of lakeside reed in the Neusiedler See (Austria) is a delayed response to the silting of the southwestern part of the lake, to the lake regulation and to the eutrophication since the end of the 19th century (Weisser, 1973); (2) the reed decline in Lake Constance-Untersee between 1965 and 1978 was the after-effect of a single event in 1965: a flood disaster from June to July combined with a storm on 16 June and a hailstorm on 26 June (Ostendorp, 1989) . It was not until the beginning ofthe 1980s that the lakeside reed front recovered and expanded anew Stark and Dienst, 1989) . The effects of the factors mentioned cannot be studied except by historieal documents (photos, newspaper articles, water mark records, data ofthe local weather stations, etc.).
One can expect that the change of landscape over more than 100 years (deforestation, change of agricultural use, construction of mill dams, diverting and damming of rivers, draining of swamps, the trend towards water sports and landscape-consuming recreational activities, etc.) would have affected the littoral vegetation partly beneficially and partly detrimentaIly. Deforestation of lakeshore woodlands is assumed to have had a positive effect on reed propagation by the Bronze Age and in the Roman period (Rösch, 1987) . Nowadays the reed belt is often reconquered by bushes and trees. Medieval soil erosion and the construction of mill dams led to flooding of large areas. When steam mills were built, the wetlands were drained for agricultural use and the reeds were suppressed. The intensified and increased exploitation of lakes and their surroundings since the middle of our century may lead to a general degradation of littoral environments.
Understanding the complex environmental changes in the littoral zone of lakes needs a historie perspective (e.g. Markstein, 1981; Moss, 1983) . However, the identification of general factors which are responsible for reed decline in many European lakes is under way and needs more scientific work within a framework of multi-disciplinary cooperation.
